Purpose This study compared measured physical performance, health-related quality of life (HRQOL), and social role attainment between extremity sarcoma survivors and controls, and evaluated associations between disease and treatment exposures, health conditions, and performance measures. Methods Survivors of extremity sarcoma from the St. Jude Lifetime cohort and controls frequency matched by age-, sex-, and race completed physical performance testing and questionnaires. Survivors with Z-scores on outcome measures ≤ −2.0 SD (compared to controls) were categorized with severe impairment/limitation. Results Among 206 survivors (52.4 % male median age 36 years (range 19-65)), 37 % had low relative lean mass, 9.7 % had an ejection fraction <50 %, 51.5 % had diffusion capacity for carbon monoxide <75 %, 27.7 % had sensory and 25.2 % motor neuropathy, and 78.2 % had musculoskeletal complications. Severe impairments/limitations were present among ≥25 % of survivors on fitness, balance, and physical HRQOL measures, and among ≥15 % on strength and activity of daily living measures. Lower extremity tumor location (OR 8.23, 95 % CI 2.54-26.67, P value 0.0004) and amputation (OR 8.07, 95 % CI 3.06-21.27, P value <0.0001) were associated with poor fitness. Poor fitness was associated with increased odds of scoring <40 on the SF-36 physical component summary (OR 4.83, 95 % CI 1.95-11.99, P value 0.001) and role-physical subscale (OR 3.34, 95 % CI 1.33-8.43, P value 0.01). Survivors and controls had similar rates of marriage, independent living, employment, and college attendance. Conclusions Extremity sarcoma survivors experience high rates of physical impairment and report lower than expected physical HRQOL. However, they are as likely as peers to be married, live independently, be employed, and attend college. Implications for Cancer Survivors Follow-up for extremity sarcoma survivors should include assessment of need for further orthopedic care and rehabilitation to address cardiopulmonary and musculoskeletal health.
Introduction
Musculoskeletal sarcomas in children and adolescents are a group of rare malignant tumors involving bone and soft tissue, accounting for 4-13 % of all malignant neoplasms in these age groups. Survival has improved over the last decades due to advances in treatment, including adjuvant chemotherapy [1, 2] . Estimates indicate there are nearly 50,000 survivors of pediatric bone and soft tissue sarcoma in the USA; 36,723 are younger than age 50 years [3] . Because curative treatment requires a multimodal approach involving surgery, radiation, and chemotherapy, sarcoma survivors are at risk for therapyrelated complications [4, 5] . Medical late effects, including infertility, gonadal hormone deficiency, second malignant neoplasms, cardiomyopathy, pulmonary dysfunction, and renal insufficiency have been documented [4, [6] [7] [8] [9] [10] [11] . Self-report data from the Childhood Cancer Survivor Study (CCSS) also indicate that adult survivors of childhood bone and soft tissue sarcoma are vulnerable to adverse physical performance outcomes that increase with age and are associated with poor health-related quality of life (HRQOL), lower educational attainment, and unemployment [12] .
Previous studies provide insight regarding functional loss and broadly identify those at risk for a poor outcome. However, because this information is based on self-report, it does not provide details about physical performance needed to guide development of interventions tailored to this population. In addition, identification of disease-specific and demographic variables, treatment modalities, medical complications, and lifestyle factors that influence physical performance would provide information for survivors currently receiving treatment to identify those in need of rehabilitation and follow-up.
The aims of this study were to (1) compare measured physical performance, HRQOL, and social attainment between survivors of childhood musculoskeletal sarcomas of the extremities to healthy controls, frequency matched by age, sex, and race and (2) evaluate associations between disease and treatment variables, health conditions, and physical performance measures in this population.
Materials and methods

Study participants
Participants were members of the St. Jude Lifetime cohort (SJLIFE), treated for musculoskeletal sarcomas of the extremities during childhood, who completed physical performance assessments and questionnaires that included the Medical Outcomes Survey Short-Form 36 (SF-36) and items related to social role attainment. Sarcoma of the extremity was defined as a malignant tumor derived from mesenchymal bone or soft tissue. Pelvic tumors were excluded. Eligibility criteria for inclusion in the SJLIFE cohort include the following: (1) diagnosis of childhood malignancy treated at St. Jude Children's Research Hospital (SJCRH); (2) survival of >10 years from diagnosis; and (3) current age ≥18 years. Three levels of participation are offered in the SJLIFE study: (1) comprehensive evaluation on the SJCRH campus; (2) limited local evaluation by Examination Management Services, Inc. (EMSI) for survivors who decline to return to SJCRH; or (3) completion of health surveys by mail or phone interview for those survivors who decline to return to SJCRH or undergo a local evaluation [13, 14] . Briefly, participants were at least ten-year survivors of childhood cancer, treated between 1962 and 2004, and 18 years of age or older. As of October 2013, this included 328 survivors of an extremity sarcoma, 206 (62.8 %) of whom completed a functional assessment. A comparison group of adults without previous cancer diagnoses, recruited from among parents, friends, and relatives of current St. Jude patients, and frequency matched by 5-year age group, sex, and race, completed the same assessments. Study documents were approved by the institutional review board. Participants provided written informed consent prior to assessment.
Variable definitions
Physical performance
Physical performance measures included flexibility, balance, muscle strength, general fitness, and overall physical performance. Results are presented as means and standard deviations (SD) and percentages to indicate the proportion of survivors whose scores were 1.5 and 2.0 SD below the means of age-, sex-, and race-matched peers. Low back and hamstring flexibility were assessed by having the participants complete the sit-and-reach test [15] . Ankle passive and active ranges of motion were measured in sitting with the hips and knees in 90°o f flexion with a goniometer [16, 17] . Balance was evaluated with the Sensory Organization Test (Neurocom Smart Equitest, Natus Medical, Clackamas, OR). Participants maintained an upright posture during six sensory conditions while standing in a visual surround on a force plate that measured time spent inside a 12°sway envelope. Overall composite and vestibular scores (percentages) were used for analysis [18] .
Hand grip strength was measured with a dynamometer (Jamar, Lafayette Instrument Company, Lafayette, IN) with the participant sitting, the shoulder in 0°-10°of flexion/abduction, the elbow in 90°of flexion, and the forearm in neutral [19, 20] . Isokinetic knee extension, dorsiflexion, and plantar flexion were assessed with an isokinetic dynamometer (Biodex System 3.0, Biodex Medical Systems, Shirley, NY). Measurements of peak torque (Newton meters (Nm)) per kilogram (kg) of body weight were made at speeds of 60°, 180°, and 300°/s for the quadriceps, and 60°and 90°/s for ankle motions [21, 22] . For bilateral measures, the average of the maximum value from each side was used for analysis. For those with amputation, the maximum value from the intact extremity was used.
Fitness was evaluated with the six-minute-walk test [23] . Participants wore a heart rate monitor and walked in a level corridor. Encouragement was given every minute, and heart rate recorded at rest, 2, 4, and 6 min and 2 min after test completion. Distance in meters and physiologic cost index (maximum heart rate -resting heart rate / gait speed) were calculated. Overall physical performance was evaluated with the 7-item physical performance test (PPT), [24] where a score of 28/28 indicates no deficit.
Health-related quality of life HRQOL was measured using the Medical Outcomes Survey 36-Item Short Form Health Survey (SF-36) [25] . This widely used generic health profile provides subscale scores for 8 domains of HRQOL: general health, role physical, physical function, bodily pain, vitality, mental health, social function, and role emotional, and mental and physical health composite scores. The SF-36 provides age-and sex-specific norms. Tscores ≤40 were classified as poor HRQOL.
Social role attainment
Social attainment was assessed using indicators of adult achievement including marital status, independent living, employment, and educational attainment.
Independent variables
Participant characteristics, age, sex, and race, were obtained by questionnaire. Diagnosis and treatment data were obtained from medical records by trained abstractors and included diagnosis, metastatic status, relapse status, age at diagnosis, length of follow-up, tumor location(s), chemotherapy exposures and doses, radiation exposures and doses and surgery for local control, metastatic disease, relapse, and complications. Musculoskeletal complications from diagnosis through follow-up were obtained from extensive review of medical records and images by a surgeon (IFP) and by interview and examination during medical and functional evaluations. Participants were also screened for body composition abnormalities, cardiac impairment, pulmonary dysfunction, and neuropathy. Those with age-, race-, and sex-specific relative lean muscle mass for height Z-scores < −1.5 SD were classified with low lean mass [26] , those with ejection fraction (EF) < 50 % with cardiac impairment [27] , those with diffusing capacity of the lungs for carbon monoxide (DLCO corr ) <75 % with abnormal pulmonary function [28] , and those with Common Terminology Criteria for Adverse Events (CTCAE) grades 2-4 peripheral sensory or motor dysfunction with neuropathy [29] .
Statistical analyses
The means for demographic and functional measures were compared between survivors and controls with two-sample t tests or non-parametric equivalents. The percentages of survivors who performed below −1.5 and −2 SD of expected (compared to controls) were calculated to illustrate the magnitude of functional loss.
The means for composite and subscale scores on the SF-36 were compared between survivors and controls with two-sample t tests. Percentages of survivors in social attainment categories were contrasted to controls with Chi-square statistics. Associations between disease (tumor type, location, bone involvement) and treatment variables, health conditions, and impaired performance (−1.5 SD) on physical measures were evaluated with multivariable logistic regression among survivors. Associations between impaired performance on physical measures and poor HRQOL were also evaluated with logistic regression. Variables with P values ≤0.10 in preliminary univariable models were retained for inclusion in multivariate models. Multicollinearity was evaluated to avoid over fitting. SAS version 9.3 (SAS Institute, Cary, NC) was used for analysis.
Results
Characteristics of study participants
Of 328 extremity sarcoma survivors potentially eligible, 20 were elected to complete a survey only, 13 were lost to followup, 25 were interested but had not yet completed a campus visit at the time of this analysis, and 61 declined participation. This report summarizes results of 209 (63.7 %) participants with a campus visit, 206 of whom completed a functional assessment. Participants did not differ from non-participants by sex, race, diagnosis, or age at diagnosis. The characteristics of the study population are shown in Table 1 . Median ages at evaluation were bone sarcoma (BS), 38 years (range, 21-65), soft tissue sarcoma (STS), 33 years (range, 19-61) , and controls, 33 years (range, 19-51). BS survivors were more likely to be male and STS survivors more likely to be female. The most frequent BS histology was osteosarcoma; the most frequent STS histology was non-rhabdomyosarcoma soft tissue sarcoma. The most frequent tumor site was the lower extremity (81 %).
Surgery was the primary method of local control for 84 % of survivors; 43.9 % with BS and 32.7 % with STS had amputation for local control. Amputation was required as the result of local complication/relapse for an additional 13.4 % of BS and 6.1 % of STS survivors. Pulmonary metastases at diagnosis resulted in thoracotomies among 12 BS and 4 STS patients. An additional 27 participants had thoracotomy for relapsed pulmonary disease. Overall, the 206 participants had 783 surgical procedures, with mean per patient of 3.8 (95 % CI 3.4-4.3). Chest radiation was received by 5.8 % and limb radiation by 22.3 % of patients. Nearly all BS, but less than half of STS, were treated with anthracycline-and alkylating-containing regimens. Platinum was received by 46.5 % of BS and 10.2 % of STS survivors.
Health outcome data with potential impact on physical function are also shown in Table 1 . Relative lean mass < −1.5 SD was observed in approximately 36 % of BS and . The most common long-term musculoskeletal complication was fracture associated with traumatic injury (28.8 %), followed by prosthetic malfunction/complication (8.3 %).
Physical performance, HRQOL, social roles Table 2 demonstrates mean values (survivors and controls) and percentages of survivors with values 1.5 and 2.0 SD below age-and sex-specific expected values (using our control population) for physical performance and HRQOL. Severe deficits in performance on the six-minute-walk test, balance measures, and physical component summary and physical function subscale of the SF-36 were observed in over 25 % of survivors. A substantial number of survivors (>15 % when the expected rate is only 6.7 %) also had severe limitations in strength, social functioning, and activities of daily living. Survivors and controls had similar percentages for marriage (60.2 vs. 60.9 %, P = 0.79), independent living (75.7 vs. 72.8 %, P = 0.99), employment (70.9 vs. 75.7 %, P = 0.14), and college attendance (63.6 vs. 68.5 %, P = 0.06).
Treatment and physical performance Table 3 shows the results of multivariable models examining associations between treatment and poor physical performance among survivors. After adjusting for other treatment exposures, tumor location in the lower extremity and amputation were the only factors associated with any performance outcomes, impacting balance and cardiopulmonary fitness. Chronic conditions and physical performance Table 4 shows the results of multivariable models examining associations between specific chronic conditions, number of musculoskeletal complications, and poor physical performance among survivors. Relative low lean muscle mass was associated with quadriceps and ankle weakness and with balance impairment. EF <50 % was associated with impaired balance and quadriceps weakness; DLCO corr <75 % was associated with impaired flexibility. Motor neuropathy was associated with impaired flexibility, quadriceps and ankle weakness, impaired fitness, and limited activities of daily living. The presence of two or more musculoskeletal complications was associated with impaired balance, and amputation was Table 4 Association between health conditions, musculoskeletal complications, and physical performance from multivariable models Models adjusted for age at diagnosis % percent, CI confidence interval, SD standard deviation, + plus associated with impaired balance and impaired fitness. Sensory neuropathy was not associated with any of the physical performance outcomes.
Physical performance and HRQOL Table 5 shows the results of multivariable models examining associations between physical performance measures and scoring <40 on the summary and subscales of the SF-36. Impaired fitness and limited activities of daily living were associated with a suboptimal outcome on the physical component summary of the SF-36; fitness impairment was also associated with scoring <40 on the role physical subscale of the SF-36. Social functioning was not impacted by any of the physical performance impairments.
Discussion
Prior investigations have relied on self-report or clinicianbased observations to describe long-term functional outcomes and HRQOL in adult survivors of childhood extremity sarcomas [6, 11, 30, 31] . In this study, we provide results of an extensive clinical assessment of long-term musculoskeletal sarcomas of the extremities among survivors evaluated decades following treatment. Nearly 80 % of extremity sarcoma survivors in this cohort treated 1962-2004 experienced musculoskeletal complications after initial local control. These complications required subsequent surgical intervention, including eventual amputation among some initially treated with limb-sparing surgery. We also document significant rates of other adverse health outcomes in this population, including impaired cardiac and pulmonary function, low lean mass, peripheral neuropathy, muscle weakness, poor balance, impaired fitness, and limitations in activities of daily living. In addition, we observed that performance limitations are associated with reduced HRQOL in physical domains. Despite these impairments, survivors were as likely as controls to be married, live independently, be employed, and attend college. Our study indicates a higher prevalence of musculoskeletal complications among extremity sarcoma survivors than previously reported. For example, Hamilton et al. [32] [35] . Like CCSS, our study included survivors with longer follow-up (median 25 years) and some survivors treated before 1980. Results emphasize the need for continuing orthopedic follow-up among extremity sarcoma survivors as they age. Increased risk for cardiac and pulmonary conditions [7, 8, 11, 36] , neuropathy [37] , and low lean muscle mass [38] in longterm pediatric extremity sarcoma survivors have been previously reported in large cohorts. However, only small studies have reported specific, objectively measured physical performance, and few report associations between chronic health conditions and physical performance, or between physical performance and HRQOL. In a study that included 30 sarcoma survivors aged 35 ± 10 years, Gerber et al. [39] documented impaired range of motion in 67 %, reduced gait velocity in 42 %, and substantial problems with activities of daily living in 44 %. As in our study, these authors observed that lower extremity tumor location was associated with impaired physical performance and that suboptimal performance on a walking test was associated with worse scores on both measured and self-report of daily activity. Data from a younger cohort (N = 68, ages 6-26 years) of patients with sarcoma at least 1 year post-limb-sparing surgery also described problems with joint range of motion and mobility (walking, stair climbing) [40] .
Our data extends the results of these studies by identifying apparent musculoskeletal and other specific chronic health conditions that could be addressed as part of clinical/ rehabilitative care to improve physical performance. Data suggests that structured exercise for pediatric sarcoma survivors with subclinical cardiomyopathy is feasible and safe [41] and that intense exercise post-pneumonectomy improves lung function, strength, and fitness [42] . Evidence also exists to support resistance training to improve lean muscle mass [43] and vestibular rehabilitation to improve balance [44] .
Our finding that survivors of childhood musculoskeletal sarcomas of the extremities report poor HRQOL in physical but not mental or emotional domains is consistent with the others [45] . Although some attribute this to potential alteration in expectations among individuals who have become accustomed to disability over time, in a much younger cohort (N = 82, ages 8-25 years) of bone sarcoma survivors, Bekkering et al. [45] reported impaired HRQOL only in physical domains when comparing survivors to controls. Importantly, survivors of sarcoma who participated in our study have neither social outcomes different from controls nor indicate that physical performance impacted their social function.
There are limitations that should be considered when evaluating results. First, the therapy for extremity musculoskeletal sarcomas has changed from 1962 to 2004, the period of diagnosis for our participants. Data from older survivors may not apply to children treated today with fewer amputations, improved surgical techniques, and better hospital care. Second, this was a cross-sectional analysis, concomitant evaluation of physical performance measures, and HRQOL does not allow interpretation of a temporal association between these outcomes. Although we found no differences among survivors by diagnosis, sex, race/ethnicity, or age, it is possible that survivors with more or less disability, either unable to travel, or more likely to be too busy to return to the institution, were less likely to participate, which would bias our results. Finally, although our population is large and well characterized, it is heterogeneous in terms of tumor type and location, making it difficult to draw conclusions about specific sub-populations.
Conclusions
Long-term survivors of extremity sarcomas experience complications and have low scores on physical performance measures. Low lean muscle mass, impaired cardiac and pulmonary function, and neuropathy contribute to their poor performance. Follow-up for extremity sarcoma survivors should include assessment of need for further orthopedic care and rehabilitation to address cardiopulmonary and musculoskeletal health.
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